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ABSTRACT

A computer program is presented which accepts data from a
fragmentation test and calculates all the values necessary to
plot seven fragment mass and number distribution graphs based
on the conventional Mottt and Payman Laws.

Ervors which can be introduced during the fragmentation
experiment are considered in some detail by analysing their
| pnssible effects on the fragment mass distributions based on
~ the Payman Law. Trends corresponding to particular error types
. are characterized and it is concluded that an allowance can be
' " made for errors in many instances. An important finding is
that a Payman distribution based on the original cylinder mass ,
is least affected by the =2rrors considered and is thus the i
method recommended for data analysis, ;
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FRAGMENTATION DATA ANALYSIS

I. COMPUTER PROGRAM FOR MASS AND NUMBER DISTRIBUTICNS

AND EFFECTS OF ERRORS ON MASS DISTRIBUTIONS

1. INTRODUCTION

There is still no known property of a material which can be used to
estimate the way it will break up into fragments under the infiuence of
explogive loading. The best method used at present is to carry out simple
fragmentation tests, usually on small cylinders in a full recovery pit
using water to retard the fragments (1,2). Alternatively, for larger
cylinders partial recovery techniques may be used. Upon recovery of the
fragments some method is required to obtain fragmentation parameters which
can be used to describe the mass or number distributions of the fragments,
The two most simple and widely used methods are the Mott and the Paynman
distribution analyses (3).

It is usually advisable to carry out duplicate or triplicate frag-
mentation trials and in any series of experiments a large amount of data is
accumulated for mnalysis. There is therefore need in fragmentation
experiments to analyse the results rapidly and conveniently.

In the First part of this report a computer program is presented which
facilitates the rapid analysis of the mass and number distributions of
fragments from raw data. The program ls written in Fortran IV language
and ig used in a PDP10 computer.

Errors can occur in fragment collections which lead to errors in the
assessed fragmentation parameters. when fragments are recovered from a
fragmentation pit a small proportion may be lost (or gained from previous
firings). The rapidity of data analysis using the computer program makes
it possible to examine the effdcts that various errors in the raw fragment
data will have on the masa distributions. In the second part of this
report therefore, the effects that various errors have on the Payman and
Modified Payman (4) fragment distributions are examined in some detail,

In a later report the effacts that similar errors have on the Mott
diatribution analyses will be discussed.
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PART 1l: ANALYSIS OF FRAGMENT MASS DISTRIBUTION

1. Theoretical Background

The two most commonly vesed methods of assessing fragment mass distri~
bution are the empirical analysis proposed by Welch and Mott (3,4) and

Payman (3,4).

The relationship used in the Welch and Moti analyais in its sinmlest
form may be conveniently expressed as

N, = N exp-(%)k (1.1)

where N_ is the cumulative number of fragmants greater ih=» masgs m, &nd N
and y are constants. This expression can be rezrranged t-

L
1 m )
Log N, = log N, -~ 37353 (II) 1.2)
L

It is normal practice to plot log Nm against m° to give a straight line

L
relationship. The siope of the line, - -51"—5— (%)  and the intercept,

log N, are a measure of the fragmentation digtribution.

The relationship used in the Payman analysis in its simplest form may
be expraessed

P = K' exp (-mc') {1.3)

where P ig the cumulative mass of fragments greater than mass r expressed
as a percentage of the total mass M, and K' and ¢' are constants. The
total mass M may be the original cylinder mass (My) as proposed originally
by Payman (3), or the total muss of recovered fragments (HR} as suggested
by Bedford (4).

This expression can be rearranged to: ln P = —¢c'm + L , or
alternatively

Log P = -cm + K {1.4)

vhere c¢ and K are new congtants., Normally log P i plotts¢ . against m to
give a straight line. The slope of the line, -c, .8 a measure of the
fragmentation.

In some instances (e.g. in experiments where cylinder dimensions are
altered) it is more convenient to use plots based on tlie two relationships
described above but which produce a dimensionless fragmentation parameter

i
or slope (4). In these cases the term (-;%) is plotted on the abecissa
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for the Mott analysis and the term is plotted on the abscissa for the

m
M
Payman analysis, making the abscissa and ordinate in both analyses dimen-
sionless. These two variations on the Mott and Payman relationships have
been termed the Modified Mott analysis and the Modified Payman analysis
regpectively.

It is possible to use seven different variations of the two basic
relationships described in eqguations (1.1) and (1.3) depending on whether
the normal or modified plot is used and alao on whether the original
cylinder mags (My) or the total mass of recovered fragments (MR) is used.
The variations and the nomenclature adopted in thigs report are summarised
in Table 1.

2. Program FRAMD

The input data consists of an identifying number/name, the cylinder
weight and the values of the lower limit of mass range, the total mass
and number of fragments occurring in each mass range. All masses are
given in grams, The inclusion of the number of fragments is optional; if
this information is omitted the program will produce the results for the
Payman-based analyses only. An example of an input data file is given
in Table 2.

The program calculates the cumulative percentages PR and Po and the

m m Y /m \X m_\1 .
values of the parameters —, 77—, m ,(-—-) and (——) corresponding to the
My' My Y Y
value of m defined by each mass range. This information is sufficient to

plot the seven different types of graphs listed in Table 1. The output
may be obtained in tabulated form and also plotted on the appropriate axes.
For example, Table 3 shows the output correspcnding to the input data in
Table 2, and the corresponding graphs are shown in Figures 1 to 7. A
block diagram of the program is shown in Figure B and the full program is
shown in Figure 9. The terms used in the program are defined in Table 4.

In the program the use of the plotting facility is made optional by
means of a pause statement. If the plotting facility is used, then a
further option may be exercised, either to apply a standard set of abscissa
scaling factors incorporated in the program or to allow the program to
select the appropriate scaling factors automatically s0 as to give a graph
with a slope cloge to unity to facilitate measurement of slope.

It should bo noted that the program plots the points of a particulax
mass distributicn only. It does not fit a curve to these points or calcu-
late a slope or intercept. Automatic curve fitting could be expected to
be the easiest method of determining these parameters, and indeed, further
modification of the program in this direction is anticipated. Fex the
purpose of the work reported in Part 2 however, manual curve fitting allows
a degree of flexibility which would be difficult and time-consuming to
achleve by automatic methods., This flexibility is important because, as
will be pointed out in Part 2, it is possible to recognise certain types of
systematic errors in the mass distribution from the shape of the curve and
the manual method allows adjustments to be made very easily.
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PART 2: THE EFFECTS OF FRAGMENT LOSSES AND MIXING,

! DURYING RECOVERY, ON FRAGMENT DISTRIBUTION CURVES .

3. Background

; ; Practical experience with the full water recovery method of collecting
ﬁ : fragments used at Materials Research Laboratories for several years has
shown that between 75% and 105% of the original cylinder weight is usually
recovered as fragments. Most frequently, recoveries are in the range 85%

to 100%.

The recovery depends on many factors which may vary from one facility {
to another, and the task of assessing the effects of these factors on }
recovery is beyond the scope of this report. However, the following major -
factors are clearly important in determining recovery: ;

(a) Design of the fragmentation pit,

{ {(b) Condition of the fragmentation pit,

{(c) Position in which the cylinder is fired,
(d) size of the cylinder, , ;

(e) The methods used to sweep the pit during
the recovery process.

These factors can obviougsly contribute to the failure to recover some
of the fragments produced from any particular cylinder, and, in a series of ‘
successive firings, can lead to the inclusion of fragments from other '
cylinders in a particular set of fragments,

1f fragments are lost or gained in this way, there is no a priori
reason to expect that the proportion lost or guined has the same distribu-
tion of fragment mass as the true distribution, although a simplifying
1 agsvmption of this type is usually made in fragmentation experiments for
convenience. It is possible, for example, that fine fragments may be lost
in a pit with crevices and cracks in the lining. It may also be possible
for the mass distribution to be distorted by gccondary break-up of

fragments.

L Mot U i, il i o R e xe

' and recovery processes does not have the same mass diptribution as the
original set of fragments, then tlie experimentally measured mass distribu-
tion (and hence fragmentation parameter) may be expected to be different
from the true value. It is desirable to know the magnitude of the possible
effects due to fragment losses or gains of particular kindg during recovery
if the fragmentation parameter is to be established with a reasonable degree

of accuracy.

|
|
.i (
i ‘
{i If the proportion of fragments lust or gained in the fragmentation

Therefore, an evaluation has been made of the effect on fragmentation
parameter (i.e., slope of tho fragment distribution curve) caused by losses

™ gt o e o S




or gains of various amounts of material of different size distributions
from idealised fragment distributions using the computer program FRAMD
described in Part 1.

The factors which may be varied in examining these types of effects : ﬁi
are: 3

{a) the proportion of fragments lost or gained,:
(b) the mass distribution of fragments lost or gained, and :
(c) the parameters of the original distribution.

For convenience, work described in this report is confined to distributions
of the Payman type; a similar analysis of the Mott distributions will be
digcussed in a later report. Three idealized distributions of the Payman
type are congidered; one represents a typical average fragmentation para-
meter for steel (co* = 250) and the others represent the more extreme values
of coarse and fine distributions which can be observed in steels (co* = 100
and ¢ * = 1000 respectively). It should be emphasised that the idealised
distributions were chosen to conform as closely as pessible to distributions
observed in practice (1,2). For each of these three distributions and four
different methods of plotting indicated in Table 1, the effeot of up to
seven different variations in fragment loss or gain was examined as
described below. The possibility of identifying and analysing errors
arising from fragment losses and mixing is also discussed. In additioen,
the implications of the present work in relation to partial recovery methods
are examined.

4., Calculations

The types of fragment losses and gains considered in this study were:

(a) those in which the fraction lost comprises coarse and fine
fragments in the same proportions as the original distribution,

(b) those in which the fraction lost comprises a greater proportion :
of fine material than the original distribution, R

(c) those in which the fraction lost comprises a greater proportion L.
of coarse material than the original distribution, and 3

(d) any of the above combined with a gain of material having a mass
distribution different from that of the material lost and the
original distribution,

A cylinder mass of 200 g and idealized Payman 'control' distribu-
tions were assumed for each of the three values of c * of 250, 100 and
100G. The total mass and number of frarments in each mass group required
to produce the 'control' distributions were calculated, The input data
were then adjusted by each of the seven hypothetical errors described below,
and in each case the four Payman~based plots were recalculated to give the b
new mags distributions and parameters corresponding to that type of error. b

éi' ~'
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T {sec refs. 1,2) and are as follows :

The arvors chosen were based on experience of fragmentation testing

(a) ERROR 1l: B loss of 10% of original weight from each weight
group.*¥
’-
(k) ERROR 2: 10% of the cylinder weight lost from the two finest
weight groups.

(¢) ERRCR 3: 5% of the cylinder weight lost from the five coarest
groups. **

(d) ERROR QT: 50% of each of the four coarest weight grcups lost,
and the same total weight distributed uniformly
between the two finest groups.**

(e} IRROR 5*: 10% of the two finest wéight groups lost and the same
weight gained by the four coarest groups.**

(£) ERROR 6: 30% of' the original cylinder weight lost in a sliding
scale, mainly from the finer weight groups. The loss
from each fraction was in approximate proportion to
the total mass of that fraction.**

(g) ERROR 7: One averade fragment lost from each group.**

The tabulated control data for one of the idealized distributions
{(c_* = 250) are shown in Table 3. The tabulated results when ERROR 1 to
ERROR 7 are applied to this control data are given in Tables 5 to 11. The
Modified Payman-R graphs corresponding to these results are shown in Figs.
10 to 17. Graphs corresponding to the other plots illustrated in Figs.l-4
were also obtained and analysed (a total of 56 graphs). The graphs for
the other three Payman-based plots and for ¢ _* = 100 and co* = 1000 are ;
also not shown individually. However, the results of all calculations &
pexrformed are summarised in Table 12 and in Fiqgure 18 for the Payman-0 and ‘
Payman~R plots and in Figure 19 for the Modified Payman-0 and Modified
Payman-R plots. These diagrams show the fragmentation parameters corres-
ponding to the different types of errors at different values of ¢ _¥*, and
the per cent deviation from the control value. The fragmentation parameter
was taken as being the slope of the straight line of best fit (judged by
eye) in the range 10 < P_ < 100 and 10 < P_ < 100. With careful applica-
tion of this manual curve fitting technique (and after ample practice) it
was considered that fragmentation parameters could be determined reproduc-
ibly to within 5% from any particular set of data.

5. Discussion of Results

In assessing the results of the calculations the trends which emerge
can be seen most readily in Figs, 18 and 19. It is clear from these

LY
Adjustments were always made to the coarest welght groups to produce an

integral number of fragments. Because of this the resulting percentages
were not exactly as stated. o

To represent mixing between successive firings,
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diagrams that, although only four of the possible seven error calculations
were made for c°* = 100 and co* = 1000, the results for thege distributions
show the same t¥ends, within éxperimental error, to the results of calcu-
lations for ¢ * = 250, Hence, for any particular type of error the
percentage deviation from the control value is approximately the same for
different values of c_*. The small variations in the percentage deviation
can be attributed fi¥stly to the fact that the adjustments necessary to
produce an integral number of coarse fragments were not always exactly the
same and, secondly, to the fact that the straight line of best fit was
judged by eve, It is considered that these two factors can adequately
account for the small variations in per cent deviation reading across any
line of Figs. 18 and 19.

Since the results for ¢ * = 100 and ¢_* = 1000 do not appear to
differ significantly from those for c. = 250, naese two extreme distribu-
tions will not be further discussed a the su :quent discussion applies
independently of the value of fragment. ion pz aneter.

The discussion is separated int. ectior iealing with the ditferent
types of losses in four groups ag out. wed at =2 start of Section 4:

(a) The fraction lost contains - : same proportion of
coarse and fine material as " ~al distribution
{ERROR 1.)

No significant change in slope is produced by this type of error
using the Payman-0, Payman-R and Modified Payman-0 distributions, see PFigs.
18 and 19. In the case of the Modified Payman-R plot however, the slope
is approximately 10% less than that of the control. This means that each
one per cent of material lost causes the slope of the Modified Payman~-Rr
graph to be one per cent less than the real value. The opposite cffect
on slope can be expected if material is gained.

Good recoveries are usually in the range 95-105% (but are frequently
as low as 90%) and, if this souxce of exror is not taken into account, an
uncertainty of 5-10% could be produced in the slope of the modified Payman-
R graph. This problem could be oversome by applying a correction based
on the measured recovery and although the correcticn could be incorporated
in the computer program, in practice it is easier to use the Modified
Payman-0 plot which is not affected by this type of loss {(as is discussed
below).

(b) The fraction lost contains a greater proportion of
fine material than the orlginal distribution
(ERROR 2, ERROR 6)

In the case of the Payman-0, Payman-R and Modified Payman-0 plots
Figs. 18 and 19 show that no significant changes are produced by ERROR 2,
and small changes are produced by ERROR 6. It should be ncted, however,
that in the latter case, the total loss of fragments is 30% of the original
cylinder weight and for smaller and more realistic losges of fragments the
deviation from the real slope could be expected to be much smaller (v2-3%)
therefore negligible. For these three types of plot, therefore, iosses
(or gains) of this general type do not produce significant effects on the
slope of the distribution.
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In the case of the Modified Payman-R plot however, an effect of the
type noted in (a) above can again be seen in Fig. 19, and the magnitude of
the effect is the same as in (a), viz., 1% loss of fragments producing a 1%
decrease in the slope from the real value.

(c) The fraction lost contains a greater proportion of
coarse material than the original distribution
(ERROR 3, ERROR 7)

In the case of the Payman-0, Payman-R and Modified Payman-0 distri-
butions a small loss of this type can produce a relatively large increase
in the slope and therefore the fragmentation parameter. The deviations
away from tne original slope shown for these plots in Figs. 18 and 19
represent an increase of 5% in the slope for each 1% of the original
cylinder mass lost as coarse fragments, and a decrease of 5% for a 1% gain
of coarse fragments, .

In the case of the Modified Payman~R plot the same eff.ct can be seen
in Fig. 19 except that the magnitude is gmaller than for tF- -ther three
plots, because the effect of material loss described in (a, s superimposed
on,and in the opposite sense to,the more pronounced effect caused by loss
of coarse fragments.

In all four plots this type of loss or gain shows a characteristic
departure from the Payman law. This is shown in Fig. 13 in which 5% gain
and 5% loss of the ERROR 3 type is involved. The deviation from the

original slope is greatest at high values of m (or ﬁ- ;, Or %%~) . As the
Q R

value of m is decreased the deviation decreases even more rapidly so that

the new distribution is curved and approaches the original dictribution

asymptotically as m -+ O, as shown by the broken curves, Fig. 13. The un-

broken straight lines in this diagram represent the lines of best fit from

which the fragmentation parameter would normally be calculated.

The occurrence of this type of curved departure from the Payman law
may be a useful means of identifying this type of error in fragmentation
results, particularly if one result from a duplicate or triplicate set of
results is suspect because it is substantially different in value.

(d) Material mixing ~ any of the above types of losses
combined with a gain of material in which the size
distribution 1s different

Any case of this type can be considered to be a combination of two or
more of the simple effects described in (a) to (c) above.

(i) Coarse Material lost and replaced with the same weight
of fine material (ERROR 4)

The bagic effect is simular to that described in (c) above
with small amounts of mixing causing significant increases in
the slope of all four plots. Since it has been established
above that losses or gains of finer-than-average material do

S e
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not produce significant effects, the change in slope in this ,
instance must be due to the loss of coarse fragments. It is "
‘ interesting to note that the Modified Payman-R plot is not §

Co different from the other three plots because there has been no i

NI
o e e e

-3

overall loss or gain of material. ? ¥

T arede

(i1) Pine material lost and replaced with the same weight of i
coarse material (ERROR 5) f

The adjustment used here is the reverse of that applied in
(1) above and it is not surprieing therefore that the effect i
produced on the slope is also the reverse, with a small amount ;
of mixing producing a significant decrease in the slope of all \
four plots. Again since the effact of losing fine material : 2
can be expected to be negligible, the decrease must be due to } i
|
{
|

i
#
.

the addition of coarse material. . .

The effects obserxrved for (1) and (ii) above are comparable in magni-
' tude to the 5% change in slope produced by a 1% loss or gain of coarse
fragments describiéd in (c) above.

The results indicate that all of the Payman-based plots are sensitive
to small losses or gains of coarse fragments. It is not intended in this v
report to examine in detail which factors in the recovery process can cause :
preferential loss or gain of coarse fragments. However it is interesting
to note that the fortuitous loss of a single large fragment (2 gy) from the
hypothetical 200 g cylinder can introduce an increare of 5% in the frag- ' }
mentation parameter. Even with full water recovery the possibility of : 4
this type of error cannot be avoided in any particular firing., The only
way to reduce the probability of errors from this source is to carry out
identical multiple firings.

An alternative to the full watexr recovery method is a partial water
recovery method in which a cylinder is suspended above a water tank and a
large steel aperture is used between the cylinder and the tank so that the
fragments from a given radial segment of the cylindexr are collected. ¥
Cylinders of guite large sizes can be fragmented using this technique, and ;
the results can be related to those for a full recovery by multiplying by
an appropriate factor. The recoveries experienced with this method are
| comparable with those produced using a full recovery method, and it is

w@ generally accepted that this implies that the results produced by the two
1
[

methods are comparable in accuracy. It is interesting to note, however,
K that the fortuitous loss of a single 2 g fragment in the partial recovery
t - ' case could cause a much greater increase in the slope of the Payman distri-
';1 ' bution than in the case of full recovery*. Another factor which may
| —
ﬂ . The magnitude of this loss can be illustrated with the following example.
Ea ! A 1/12 sample (as obtained from a 30° radial segment) of the control dis-
q | tribution, Table 3, has fractional fragments for m 2 1.0 because there are
! | less than 12 fragments in each of these weight groups. If these fractional
i] i fragments are replaced with a single 2 g fragment at m = 2.0, the Modified
B i Payman-0 parameter of the resulting distribution is 190. If this 2 g
. fragment is then removed, the same parameter increases to 340. Thig re-
presents an increase of 150 (or 79%) in the value of the fragmentation para-
metexr, due to the loss of this single fragment.




influence the reliability of partial recovery Payman distributions is a »
possible unrepresentative sampling effect with coarse fragments. The 5 i
or 6 coarsest fragments which occur in the largest 2 or 3 mass ranges can-

not be spread evenly over, for example, twelve 30° segments, and this must *
introduce some additional uncertainty in the fragmentation parameter,

CONCLUSIONS

The following conclusions have been reached on the basig of the above
analysis of the effect of recovery errors on idealised Payman distributions.

1. All of the mass distributions based on the Payman Law are susceptible i
to the introduction of erxror in the slope by the loss or gain during . i
recovery of coarse fragments only. A loss (or gain) of 1% of the original . ’
cylinder weight out of the coarsest fragments results in an increase (or i
decrease) in the slope of the distribution curve by espproximately 5%. This }
type of digcrepancy can be diagnosed by the characieristic curvature it ]
produces in the original straight line Payman distribution, particularly if '
duplicate or triplicate results are available. '

2, The Payman plot and the Modified Payman plot based on M, are not :
significantly affected by the other types of materiai loss or gain con- 1
sidered. The loss of up to 10% of the original cylinder weight from the ‘
finer weight groups or uniformly from all welght groups does not affect the

slope of these plets significantly. :

3. The slope of the Modified Payman d.stributio) based on recovered

weight M§ is affaected by the loss or gain of material independently of the

mass distribution of the material lost or gainud. A useful approximation

for practical purposes is that a 1% loss (or gain) cf the original cylinder

mass results in about a 1% decrease (or increase) in the slope of the dis-

tribution curve from the true value. ‘This effect can be compensated with

a simple correction based on the measured recovery, but in practice it is g
much easier to use the Modified Payman plot based on the original cylinder

mass instead of that based on the recovered mass. |

4. If the losses or gains noted in 1 to 3 above occur simultaneously,
the resultant effect 1s simply the sum of individual effects.

5. The conclusions above apply irrespective of the value of the frag-~
mentation parameter in the range 100 < co* < 1000.

6. If the Payman analysis is applied to the results of partial recovery
experiments, care should be taken in interpreting results because the
effaects of losing coarse fragments may be more pronounced than with the
full recovery method.




RECOMMENDATIONS

On the basis of the above conclugions it is recommended that :

(a) The Payman and modified Payman distributions based on original
cylinder mass should be used in preference to distributions
based on recovered mass.

(b) Full recovery of'fragmenea ghould be used in preference to ]
partial recovery where this is experimentally possible.
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4 TABLE 1 '

3

éi DEFINITIONS OF TERMS AND NOMENCLATURE USED

B IN VARIOUS TYPES OF PLOTS

#

-jf:

i Ordinate Abscissa

A

3 ‘ 1 | payman-0 Log P n (g - ¢g (g1

o )

% : 2 | Payman-R Log P n (g) - S (¢l .

| " _ .“.._. - ‘B

) | 3 | Modified Payman-0 Log P " co* I

2 ° i

.'.; v,

¥ — L - {7

ﬁ 4 | Modified Payman-R Log P, Mo ot 1

3 ;

1} ' b
" L -

: . 5 | Mott Log N n’ (gl’) - 2—1—:; (%) (g H)

i : )

b

! -

! ‘

b 6 | Modified Mott-0 Log N (B-)" - 25 (l-)" !

i

8 y y o

y m 1 1

: ? Modified Mott-R Log N - - e | =

* 0 denotes a plot based on original oylinder waight and
R denotes a plot based on the total weight of recovered fragments.

** The negative sign is often omitted for convenience and the parameter is

-

D ST e e sl o

: expressed as a positive real number. The following relationships -
4] apply between the terms defined in this column.
T c . |
o
e, = M—o—- (1.5)
cR*
g = ¥ (1.6)
" "
! = Mopot - MR“R (1. 7) o

12
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TABLE 2

TYPICAL INPUT DATA FILE (FRAG)

FOR THE PROGRAM FRAMD

conTroL?
200.0P
0.0 52,07 1160.5B
} 0.1 36.0 250.
‘- 0.2 50.0 170. |
f3 : 0.4 27.0 52. 3
] 0.6 15.4 23, 4
| . 0.8 8.4 9, 8
. 1.0 5.0 5. 3
i f 1.2 2.6 2. 3
.é - 1.4 1.6 1. 3
} 1.6 2.0 1.
't- -1, F
‘ A. cylinder number (2AS5)
! B. cylinder weight (F6.0)
-'“" C. lower limit of mass range (F6.0)
l ,' D. Weight in mass range (Fé6.0)
. ‘ E. Number in mass range (F6.0)
! F. negative number to terminate data file.
¥

. ! 13
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TABLE 3
Wk ok

MASS

Q.00
a.10
@ .20
Q.40
0«60
2.80
1 .00
1 .20
1 .40

1460

WwT

FRAGMENT MASS DISTRIBUTION

CYLINDER # CONTROL
CYLINDER WT 200.0

NO CUMWT CUMNO

522 1100 200.0

36.9
50.0
27.0
1544
Bea
5.0
2.6
146

249

250
170
52
23

148.0
112.0
62 .8
5.8

1906

11.2
6.2
36
2.9

1612
513
263

93
Al

18

PR

PO

TA0
56.2
31.0
17%
9.8
56
3.1
1.8

T4.0

56.9

31.0

175
9.8
Se6
3.1
1.8

SURT
MASS
.20
@.32
D+45
@463
8.77
0.89
1.00
1.10
1.18
126

M/MR
*lEA
9.2
5.0
10.8
28.0
390 .0
40 .0
50.9
60 +0
70 .2
80.0

.M/MO  SQRT SQRT
*1E4 M/MR M/MO
*1EE2 *1E2

2.0 0.00 0.00

S+ 224 2424

100 3016 3016

200 4.47 4A.47

300 5+48 5.48

400 632 6432

508 7.87 7.07

608 775 7T.415

780.2 B.37 8.37

B0+@ B.94 B.94

et ne et e~ e et 5t s e apvming e




TABLE 41

DEFINITION OF TERMS IN COMPUTER PROGRAM - FRAMD -

CYL, NO = (Cylinder number

DNl It e cvmi= i g A

CYLW = Cylinder mass (grams)

WAG = Bottom value of mass range into which fragments are sorted.
(i.e. it is the value of m in the Mott and Payman equations).
MASS in table).

—_— e
o~
|

wT = Mass of fragments in a given mass range.,

N (= WT in Table). :

" .

’ \ ‘ .

Q } N = Number of fragments in mass grouping.

? ‘ ' (= NO. in table),

i .

. FNC = Cumulative number of fragments.

. (= CUM NO. in table).

: i we = Cumulative mass of fragmontu. ‘
'_: :v (- CUM WT in tﬂhl.) - ) . ) |
) FMS = m' (= MWAG) - for Mott Equation. 4 |

e

SQRT MASS in table).

-
—
1

aTE "

(= M/MR * 1E4, in table).

B wnfeedy o o 4T SRRSO el e aleve

L
- - (3
Mg
! |
‘ , SOW - (Eﬁ x 10‘) (= SQRT M/MR * 1E2 in table).
|
R FNM - X
‘a ! o
. b
,} FOM - Lox 104 (= M/MO * 1E4 in table)
o]
‘I
N
' w L
i byﬂ “\N )

(
SoM (2 x 10%) * (= s0R? /M0 * 182 in table). i

15

e b . o s e e .. ooty e




PR - SMWT x 102 " (—“5 x 102) = Curulative mass as a percentage
"R "R of total recovered mass.

(= PR in table).

e F g

PO - g_u.g__w_l‘_ x-:l.o2 - (ﬁw-c- x 1;02) = Cunulative mass as a percentage
' ° ° of original cylinder weight,

" variables used for plotting qraphs

; A = WAG = m

.5- B = 10G, PO

i , 0

; c ~ 10G, PR

! m

o D w FNM = =

- My

é‘z .

g‘ F = FNW o 3. :
M- #

| .‘ \ ,

] H = FMS = WAG = m

§

i P = 106G, FNC = 10G, Nm

0 2 20 A L S SBT3 v PR 3o . - 30 rmt




|- TABLE S FRAGMENT MASS DISTRIBUTION
- . TTE R Y
; } ' CYLINDER # ERROR 1

- CYLINDER WT 200.8

e

- MASS WT NO CUMWT CUMNO PR PO SORT M/MR M/MO SQRT SQRT
N MASS *1E4 *1E4 M/MR M/MC
ol *1E2 *1E2
o B.00 46.8 1200 180.8 1657 1000 90.0 @:80 0.0 @.0 08.60 0.@0
G180 32.4 220 133+2 AS5T T4+ 666 @+32 56 5.0 2.36 2.24

@20 45.0 150 1008 237 568 S04 945 111 10.0 23.33 3.16

Pe«AD 243 50 55.8 8T 31.8 279 063 222 200 4.71 4.47

j
é | .68 13.9 2@ 31.5 37 175 15¢7 Q77 33e3 380 5.77 5.48 1
g B.B3 7.6 9 1746 17 9eB BeB ©e89 Aded 40.0 6+67 6.32 f
’i
i 1¢88 4.5 4 10.0 8 5e6 5.8 108 55¢6 50+8 745 7.87 !
B 1.26 243 2 5.5 A 3¢l 28 1410 6607 680 Bel6 7.75
1440 1.4 1 3.2 2 1B 1e6 1418 T1¢8 7T3+8 BeB2 8.37
; ‘ 1468 1.8 1 1.8 1 1e8 8¢9 1426 BB+9 808 9.43 B.94 ﬂ
.x Sy
oo ! K
o d TABLE 6 FRAGMENT MASS DISTRIBUTION 1
_"' : ok o o e : A 4
" ' CYLINDER # ERROR 2 { i
) CYLINDER WT 200.0 ] !
\ » T o
j ) MASS WT NO CUMWT CUMNO PR PO SORT M/MR M/MO SQRT SQ@RT
- MASS *1E4 *JE4 M/MR M/MO j

*1E2 *1E2

LERA E S e

Q.00 42.0 1000 180.8 1440 100.0 90.0 ©.09 2.0 0.0 ©0.00 .00

- it

. Be10 26¢@ 175 138D 440 767 690 0e32 Se6 Se@ 2436 2424

;‘{! 9.20 50.9 170 112.0 265 6242 5640 0+45 1141 1080 3533 3.16

i .40 27.8 55 62:0 95 34.4 31.0 8453 22.2 2040 A.71 4.47
h 860 15:4 22 35.0 A0 19:4 17¢5 Be77 33.3 30+8 5477 548
1 f .80 8.4 5 1946 18 10:9 9.8 .89 44+4 480 667 6e32 |

| 108 5.8 5 11.2 9 62  Se6 1480 55.6 S@.0 7.45 7.07

" 1.20 2.6 2 6.2 4 3.4 3.1 1410 6647 68¢@ Bel6 7075
‘. 1,48 106 1 346 2 240 1.8 1.18 77.8 70.0 8.82 8:37
- Y. 1.68 2.8 1 2.0 I 1el 1. 1.26 BB.9 88.8 9.43 Be9A
3 17 '
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FRAGMENT MASS DISTRIBUTION

SQRT
MASS
Q.00
.32
Q.45
8.623
.77
Q.89
1 «00
1.10

118

TABLE 7
ko 3k e o ok Ok
CYLINDER # ERROR 3
CYLINDER WT 200.8
MASS uT NO CUMWT CLMNO PR PO
0.00 52.0 1?00 188.4 1594 100.0 94.2
BelB@ D360 240 13644 4%4 T2.4 68.2
De20 508 170 1004 254 533 50.2
0«40 27.0 54 5044 B4 26.8 25.2
060 15.4 22 23.4 30 124 117
.80 4.7 S 8.2 8 42 4.0
1 .00 2.8 2 3.3 3 1.8 1.7
120 143 1 1.3 1 0.7 @.6
140 A0 0 9.0 0 0.0 Q.2
1060 Y o b.0 (% 2.0 2.8

18

TABLE 7 (CONT.)

126

b ’MR
*1E4

0.0

5.3

186

21.2
31.8
42 +5
53.1

637

l7403

84.9

FRAGMENT MASS DISTRIBUTION

M/7MO SG@RT SQRT
k4 M/MR  M/MND
*1E2 #1E2

Q.0 0.00 0.00

S« 2.30 2.24

18.8 D26 3elé

200 4461 Aas.a7

30«0 S5.64 548

4B D  6.52 .32

50.0 7.29 7.07

60.@ 7.98 T.75

TO@ B.62 837

BAD 922 8194

(2P LRSS TR

CYLINDER # -ERROR 3

CYLINDER WT 200.0
MASS WT NO CUMWT CUMNO PR PO SQRT M/MR M/MO
MASS *1E4 *1E4
P.00 52+0 1108 211.6 1623 100.0 105.8 @.00 0.0 0.0
@10 360 250 159.6 523 T5.4 798 @32 4.7 5.0
.20 53.8 170 123.6 273 5B+4 6148 0.45 9.5 10.0
B:40 278 S2 T3+6 1083 34.8 36+8 08.63 18.9 20.0
P60 15.4 23 4646 SI £22.8 23.3 0.77 2B.4 30.0
.88 12.1 13 31.2 28 147 156 @.89 3T.8 4B.0
1.00 8.0 8 1941 1S 9.8 946 1800 A47.3 50.0
120 349 3 11.1 T 542  5¢5 1410 56+7 60840
1,40 3.2 2 7.2 4 3¢4 36 1418 66+2 7040
1.60 4.0 2 4.0 2 19 20 1+26 7506 80.0

SQRT SORT
M/MR  M/MO
*#1E2 *]E2
0.00 0.00
217 2.24
3.87 3.16
4.35 4,47
5432 5448
615 6432
687 7.07
T7+53 775
B.13 8.37
8.78 B+94
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CYLINDER # ERROR 4
CYLINDER WT 200.9

NO CUMWT CUMNO

$S5¢8 1300 199.9

39.6 270 144.1

MASS wT
0.00

0.10

2.20 508.0
Reqd 27.0
0«60 15.4
@ .80 8.4
1.00 244
120 1.3
140 2.0
1460 0.0

TABLE 9
YT TII L

MASS wT
020 46.8
.10 32.4
2.20 50.0
Q.42 27.0
Q.60 15.4
.80 B.4
1.00 7.2
1.20 4.8
1.40 3.1
1.60 449

170
54

22

NO .

950
220
170

54

2e

n

124.5
545
27.5
121

37
143
3.0

Q.2

CUMWT

200 .0
1532
120 .8
70.8
43.8
2B.4
20.0
12.8

B0

1828
528
258

88
34

12

PR

100 «2
721

52 .3

PO

99 .9
72 .2
52«2
27.2
137
6.0
1.8
@6
2.0

B0

SORT
MASS
9.00
8.32
.45
@63
B«77
.89
1.00
110
1.18

1.26

M/MR
*1E4

10 0
20 «0
30 .0

40 +0

" 5@ .0

60 -0

70 .0

80 .0

FRAGMENT MASS DISTRIBUTION

CYLINDER # ERRCR 5
C.LINDER WT 200-.0

CUMNO

1441
491
2171
161

47
25

16

PR

100 .0
7646
604
354
219
14.2

10 .0

PO

100 .9
1646
604
3544
21 .9

142

SART
MASS
Q.00
@.32
Q.45
@463
P.77
@89
1400
110
118

1.26

M/MR
*1E4
2.0
549
10.0
20.0
30.0
40 40
S50 .0
60 .0
70.@

60 .0

M/ MO

*1E4

10 .0
20.0
30 .0
40 +0
50 .0
60 .0
70 +0

80.0

M/MO
*1E4
2.0
5.8
10 .9
20.0
30.0
40 0
S8 .0
60 .0
7840

80 .0

SQRT
M/MR
*1E2
.00
2.24
d.16
4.47
5.48
633
707
T+75
8.37

8.95

SQRT
M/MO
*1E2

@.00

S«48
632
T07

Te15

shdalis. it gl = - -
R e
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TABLE 10
TETETTRL L

MASS wT

P.00 34.0
.10 21.0
9.28 238.0
D40 21.0
P60 12.4
2.80 &6
1.00 3.2
1.20 14
1440 1.4
160 9.0
TABLE 11

TTITITEL Y

MASS WT.
DAB 519
B.10 35+8
A28 497
Bed4lB 26+5
Be60 14.7
Q.80 T+5
1.08 4.0
120 1.3
1240 B0
168 % Y

FRAGMENT MASS DISTRIBUTION

CYLINDER # ERROR 6

CYLINDER WY

NO CUMWT CUMNO

7008
148
130

42

18

NO

1128
240
165
53

21

CUMWT

1914
139.5
1037
5440
2745
12.8

53

2.0

2.0

PR

1042 103 .0
3a2 755
202 6@ .4
72 331
30 18.0
12 9.1
5 4.3

2 240

1 1.0

2 0-@

200 .8

PO SQRT

MASS

69.5 0.00
525 0.02
428 0445
23.0 B.63
1245 077
63 @.89

3.6 1.09

1+4 1410

0.7 1.18

P+ 1.28

M/MR
*1E4

14.4
28 8
43.2
5746
719
8643

100 .7

115.1

FRAGMENT MASS DISTRIBUTION

CYL.INDER # ERROR 7
CYLINDER WT 200.0

CUMNO PR

1592 100.0
492 72,9
252 54.2
87 28B.2
34 14.4
13 647
S* 2.8

1 0.7

"] XY

Q 2.0

VAL o NSNS Lo < v il

PO

@547
698
51.8
27«8

137

2.7
(" Y.
B0

2.0

SQRT
MASS
.00
8.32
B .45
0.63
B.77

.89

M/MR
*1E4

?.0

10.4
28.9
31.3
4] .8
52.2
627
731

83.+.6

- SRR

M/MO  SQRT
*1E4 M/MR
*lE2

2.0 0.00

5.0 2.68

108 379
20.8 5.36
BB 6457
A0 @ T59
S@.0 8.48
6@+ 9.29
700 1804
8.0 10.73
M/MQ  SQRT
®lE4 M/MR
*1E2

Q.8 000

5.0 2.29

100 3.23
20+0 457
3080 5460
48 .0 647
SQe@ T+23
60 +@ 792
798 8455
B0 .0 9414

b L Ao«

SORT
M/MO
*1E2
D00
2.24
3.16
He47
5.48
6432
707
775
8437

Be94

¥ bl AR G
s ot = b s s il




TABLE 12 f :

EFFECT OF ERRORS 1 TO 7 ON FRAGMENTATION PARAMETERS :

-
FRAGMENTATION PARAMETER
(and Per cent Deviation from Control Value)
Error* Payman Payman~-0 Payman-R Modified Modified Modified 4

; and Control Payman Payman-0 Payman-R .

N Distribution | value Control . ‘

‘ Value |

g c, or op % cp o ¥ or co* e * et p

ERROR 1 ‘
Coarse ~ - - - - - ! b
Medium 1.25 1.26(+1) 1.26(+1) 250 251 (0) 226 (~10) , 1
Fine - - - - - - \ ]

j o

i ERROR 2 . ; ,

H Coarse 0.50 0.50(0) 0.50(0) 100 100 (0) 89 (~11) ‘

) Medium 1.25 1.24(-1) 1.24(-1) 250 246 (- 2) 225(-10)

3 Fine 5.0 5.0 (0) 5.0 (0) 1000 994 (-1) 905 (~10) i
. ;
L ERROR 3 i

',i Coarse 0.50 0.62(+24) 0.62 (+24) 100 129 (+29) 108 (+8) . q
P . Medium 1.25 1.55(+24) 1.58(+286) 250 3021{+21) 286 (+14) ¢
; Fine 5.0 6.4 (+28) | 6.4 (+28) 1000 1286 (+29).| 1203 (+20) !

. K

ERROR 4 o
Coarse - - , - - - - o

Medium 1.25 1,46 (+17) 1,45 (+16) 250 295 (+18) 292 (+17) | :

q Fine - - - - - - : 1

|

i ERROR 5 !

K Coarse - - - - - - 3

B | Medium 1.25 1.01(-19) 1.01(-19) 250 203(-19) 202(~19) i

b | Fine . - - - - -

. ’ !

»l, : : g
N ERROR 6 ; i

o Coarse 0.50 0,53 (+6) 0. 54 (+8) 100 107 (+7) 72 (-28) i ;

" Medium 1.25 1,30 (+4) 1.29(+3) 250 263(+5) | 188(-25) : i

. Fine 5.0 5.6(+12) 5.5(+10) 1000 1106 (+11) 775 (~23) :

; N

| N ERROR 7 i

' ‘ Coarse - - - - - - i

. v Medium 1.25 1.47 (+18) 1. 50(+20) 250 283 (+13) 267 (+7) }

; Fine - - - - - - ‘H
4
o 21 z
i L]

. ‘ !

N i

o 5

b AROD e oo

i .
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| RS
v
‘ (‘'stant) === ————- @
il
! [ l - +
1=1 FMS(1 )= VIWAGIT) :
{ I FNW( 1 )= WAG( I )fweij 104 4
PUT FILE (FRAG
D SNW( 1 )= VIRWTTT
CYLNO 4 FNM(1)=WAG( 1} /cVLw #10*
cvuw : _
| r - : SNM{ 1 )= FRIITTT
D ! PR(L)=wC(1)/WC() * 102
WAG( 1) J | PO(T)=WC( [ )fevw » 107
b
wT( 1) | :
NCT) ' 1 3
4 | I= [+t P
! “
F WAG( 1)< @, 1=+ ! o g
I ’ .
| 9
| e
! N=l -t : :
wWC( 1)=¢ |
FNC(1)=9 |
|
|
A 4 l
i :
I =N | .
; l .'; i
— : END FILES 1.2 5
WC{ 1)=WC{ 1 +1)+WT( | } | 2
FNC( 1 )=FNC{ 1 +1)eFN(1 ) |
)
1 I
* l LTYPE G TO
Tn N1 i CONTINUE
‘ 1 | LABEL & Y
i | POINT :
n ! CALLS 3
ﬁ:gl NO ! (GRAPH PLOTTING)
i 1= -~
; | l .
] ] | 9 -
‘. |
i YES : ( svor
+ .
! 1
& 0 ()yme—————e—— - - END
o] . i
w »ll‘ : ‘.I
1k
SN . Fo
g, FIG. 8 — BLOCK DIAGRAM OF THE PROGRAM FRAMD. 29 ! t
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ssws ¥ = FURTRAN IV VERSION OF PROGRAM FRAMD FOR PRODUCING FRAGMENT
MASS AND NUMBER DISTRIBUTIONS.

ceocceecceceeeenteecacceceeccececeeeccceeecceeececececececceececceecece

TKIS 1S SELECTED BY TYPING G TO CONTINUE AND TYPING
A FOR AUTO OR S FOR STANDARD WHEN ASKED FOR LIMITS
ON AXES

CCCCCCCCCocaeeeereocececeececececcLccceecceeeecceccececceccecceccecceec

n c

¢ ANMUNITION METALLURGY GROUP c

¢ c

e #RAMD c

g "ROGRAMME FOR CALLULATING FRAGMENT MASS DISTRIBUTION c

c c

c 'WPUT FILE FRAG c -
c £YL NO , 24as c

c CYL WwT F69 c

c MASS RANGEsWT:NO (TO 19 LINES) 3F6 .0 >

c #+#FRAGME!T NUMBER IS OPTIONALu#* c

c *+#TERMINATE DATA WITH A NEGATIVE NUMBER®#% c b
c QUTPUT FILE TABULATED DATA MENT c P
c QUTPUT FILE PLOTTED DATA PAYO c o
c c

c c

c c

c c

c

c

DIMENSION A(20):B¢203,C(20).,D(20)sF(20),G¢20)sH(202,P(2@)I»R(20)»
1SC20) »WAGC(20 ) WT(20) 2aFNC(28),FNCC(20),WC(28),FM5(23),FNW(20),
OSNW(28) sFNM(28) s SNM(28),PR(20),POC2A)»NNC2B )2 NCC208) 2F QW20 !
3FOM(20),50M(20),50W(20) L

CALL IFILEC125HFRAGS) a

CALL OFILEC2,5HMENTS) L .

FORMAT(2A5) 3

FORMAT(F&.0)

FORMAT(3F6.2?

FORMATYCrz/7/7777) . .

FORMAT (24X» "FRAGMENT MASS DISTRIBUTION'//28Xs *CYLINDER # °*»
12A5,/728Xs "CYLINDER WT 'sF6+1,7)

6 FORMAT(* MASS WwT NO CUMWT CUMNO PR PO SART M/MR
1 M/MO SQRT SORT'/743X,°'MASS *1E4 *]1E4 M/MR  M/MO' /61X
2'%1E2 *)1E2'/)

T FORMAT(FE+2+sF6e1215sF&01s1602F6¢1sF642s2F601,2F6425 /)

8 FORMAT (12X, *MASS WEIGHT CUMWT FR PO M/MR .
1 M/MO* /52X, H1EH “1E4'/)

9 FORMATC(9XsF7 e2:6FBels /)

11 FORMATC' LIMITS ON AXES'/' TYPE A FOR AUTO S FOR STANDARD'/)

12 FORMAT ({AS)
1=
READCY »13CYLaNO

10 READ() »2)CYLW
28 READC1,3)WAGCIDIAWTCLISFNCL)

IFCWAGCI) LT «A-8)G0 TO 2@
I=]+1
GO TO 20
30 N=l-]
WC(1)mQ
FNCC1) =9
D04@ 1 aN»i s -1
WCCI)aWCCI+3)+WT ()

40 FNCCI)=FNCCI+1)+FNCT)
DOSOI =1 4N
FMS(1)=SQRT(WAG(1))
FNWCII=WAGC(II/ZWCCL)
SNW(I)=aSQRTCFNWCID))

naE N -

(CONTINUED NEXT PAGE) L4
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FNMCI)=WAGCI) /CYLW
SNMCI)xSQRTI(FNML L))
PROD=(WCCIIZWC L1 ) *104
POCIY=CWC L) /7CYLWIR{RQ
NNCIsFNCI)
NCCID=FNCCT)
FOWC1)=FNW(1)>*1@0020
FOMCI)=FNM(I)=10000
SOWCII=sSNWC(1)I» 100
58 SOMCI)=SNM(L)*100
WRITE(2,4)
WRITE(2,5)CYLaNO,CYLW ]
IFCFNC (1) «LT+10)60 TO 70
WRITE(2,6)
DOsBI =1 »N ‘ .
60 WRITE(217)HAG(I)OHT(I’aNN(I)nUC(I)pNC(l)oPR(l)aPO(I)aFNS(I)n
IFOWCIISFOMCI)>SOWCI}»SOMCT)
GO TO 909
78 WRITE(2.8)
DOBOI =1 ,N
B0 WRITEC(Z2,93WAGCI)sWTCIdsWCLIPRCIIHPOCIIAFOWCIdLFOMCI)
90 WRITE(2,4)
END FILE 1
END FILE 2
PAUSE
CALL OFJLE(}l»SHPAYOQS)
TYPE 11}
ACCEPT 12,A0Q
IFCAQEQ."A')GO TO 91
DATA AXsAY:BXaBY2sCXaCYsDXsDYsPK/S D220 o02052¢Ds2:02440»
18+123,4:0,-1 .0/
GO TO 207
91 PK=1.0
IFCWAGOIN) +LE«B«5)G0 TO 100
IFC(WAGC(N) «LE +1+8)G0 TO 101
IFCWAGCN) «LE+2+82G0 TO 102
IFCWAGC(N) vLE«5+8)G0 TO 183
IFCWAGC(N) «LE«1@2:8)G0 TO 104
GO TO 105
100 AX=0.50
GO TO 106
101 AX=1.0
GO TO 196
1902 AX=2.0
GO TO 126
193 AX=5.0
GO TO 106
104 AX=10.0
GO TO 196
185 AX=20.0
186 AY=2 .0
IFCFOW(N)LE+1@.0)G0 TO 200
IFCFOW(N) +LE «2@00)G0 TO 201
IF(FOWC(N) «LE«SQ 0G0 TO 282
IFC(FOW(N) «LE+10@0@.0)G0 TO 203
IFC(FOW(N) «LE 200 .0)G0 TO 204
GO TO 285
200 BX=p.0010

GC TO 206 |

.
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LT

202
203

204

GO TO 206
BXs0 «@050
GO TO 206
BX=0.010
GO TO 206
BX=0.020

"GO TO 206

205
286
207

300

BX=0.0508

BY=2.0

XMIN=0 .0

YMIN=0 .0

XMAX =AX

YMAX=AY
D03@0I=1,N
AC1)aWAG(])
BCI)=sALOGLIA(PO(1))

CALL PLOT(120+05-5.0.2) ,
CALL LABELC1,XMIN,»YMINsXMAX2YMAX,»*MASS *»°LOGPO', 'PAYMAN DISTRIBUT

110N O ‘e5)

301
4009

DO3d11I=1sN

CALL POINTC1,AC1)»B(1),5351)

D040d1I=1sN

CCI»=ALOGIB(PR(1))

CALL PLOTCi»XMINaYMIN,3)

XMIN=0 .

YMIN=@ . ‘

CALL LABELC1sXMIN2YMIN,XMAX,YMAXS *MASS *,'LOGPR'» "PAYMAN DISTRIBUT

110N R '45)

401

500

501
600

691

602
602

DO4aR1I=1,N
CALL POINTC1,ACI)aCCLY un1)

XMAX=BX

YMAX=BY

DOSRA1=15N

DCID=FNMCTD

CALL PLOT(1,XMINsYMIN23)

XMIN=@ o

YMIN=G o

CALL LABELCIsXMINsYMINsXMAXsYMAXs *M/MO *» ‘LOGPO', *MODIFIED PAYMAN
! DISTRIBUTION O *,6?

DOSBII=1,N

CALL POINT¢1,DC1)sB(I3321)
DO6ABI=1 N

FCLI=FNWCLD)

CALL PLOT(15XMINsYMIN,3)

XMIN=@ .

YMIN=D

CALL LABELC1,XMIN>YMINSXMAXsYMAX»s *M/MR *5 *LOGPR®» *MODIFIED PAYMAN
1 DISTRIBUTION R '»6)

DO6B1 I=1aN

CALL POINTC1sFCI)sGCI)s301)
IFCFNCC(1).LT+1+8)G0 TO 1180
IF(PK.LT.2.8)G0 TO 705
IFCFMSC(N) «LE B <5)G0 TO 602
IF(FMS(N) «LE+1 8GO TO 682
IFCFMS(N) sLE «2+8)G0 TO 604

GO TO 6@5

CX=0.5

GO TO 606

Cx=1.0 (CONTINUED NEXT PAGE)
GO TO 606




604 CX=2.0
GO TO 606
T 6095 CX=5.0
606 CY=4.0
IFCSOWC(N) +LE+2.03G0 TO 700
IFCSOW(N) sLE«5+85G0 TO 701
IF(SOW(N) «LE-18.02G0 TO 702
GO TO 7@3
700 DX=0.020
GO TO 704
T3l DX=0.050
GO TO 704
702 DX=0.19
GO TO 704
783 DX=0.20
704 DY=4.0
795 XMAX=CX
YMAX=CY
DOBAAI=1.N
HCI)=FMSC(])
SNC=NCCI)
00 PCI)=ALOG1QA(SNC)
CALL PLOTC1,XMIN2YMINL3)
XMIN=0.
YMIN=0»
CALL LABELC1XMINsYMIN,XMAX,YMAXS *SQRTM®» "LOGN 's *MOTT DISTRIBUTIO
iIN ‘a4
DOBZ1I=1,N
801 CALL POINTCILHCI)PC1)s301)
XMAX =DX
' YMAX=DY
DO9AAI=1,N
90310 RCIXI=SNWC(I)
CALL PLOTC1,XMIN,YMIN,3)
XMIN=@ .
YMIN=Y«
CALL LABELC(1»XMINSYMINsXMAXsYMAX, '"RM/7MR'S *LOGN '»"MODIFIED MOTT
IDISTRIBUTION R '56)
DC9B11=1,N
501 CALL POINTC(12RCIILPCIIN3,1)
DOI1A2AI=1sN
1000 SCI)=SNMCI)
CALL PLOT (1 »XMINAYMINS3)
XMIN=@»
YMIN=@ .
CALL LABELC1sXMIN)YMINSXMAX,YMAXs *RM/MO® 5 'LOGN ', *MODIFIED MOTT
1 DISTRIBUTION O ‘26)
DO1d21I=1>N
1801 CALL POINTC1,8CI)sPCI)s3,51)
1109 STOP
END
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DEVIATION FROM CONTROL.
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